Auditory Plasticity: Vocal Output Shapes Auditory Cortex  by King, Andrew J.
Andrew J. King
The auditory areas of the brain
are potentially responsive not
only to sounds arising from
external sources but also to self-
generated sounds. This raises the
question of what effect an
animal’s own vocalizations have
on central auditory processing.
While studies in a range of
species have shown that activity
in the auditory system is
modulated during vocal
production, a recent report [1]
has revealed that changes in
vocal output can induce a much
longer-term change in the way in
which cortical neurons process
these complex sounds.
Hearing Self-Generated Sounds
It clearly makes sense that our
perception of external sounds
should not be masked by the
additional acoustical input
provided by one’s own voice. By
attenuating the input to the
cochlea, contraction of the middle
ear muscles prior to vocalizing —
the middle ear reflex — helps to
reduce the impact of self-
produced sounds. Moreover,
studies in humans [2,3] have
shown that cortical responses
evoked during speaking are
smaller than those generated
during passive listening to the
same sounds played over
headphones. This is also
supported by the results of
electrophysiological recordings in
other species [4–6], which have
shown that an animal’s own
vocalizations can inhibit the
responses of auditory neurons.
Despite these suppressive
effects, an ability to detect self-
produced sounds appears to be
critical for the control of vocal
output. This has been
demonstrated in humans [7–9]
and other species [10–12] by the
compensatory changes in vocal
production that result when
microtubule catastrophe at the
spindle equator. 
Local control of microtubule
dynamics by the kinetochore
could depend on a combination of
a spatial cue, possibly provided
by release of Stu2 from the
kinetochore, and/or a mechanical
tension-sensing cue. This type of
regulation could result in highly
dynamic kinetochore
microtubules while orchestrating
the organization of kinetochores
into a metaphase configuration
with remarkable fidelity to one
spindle-half.
With the direct visualization of
initial encounters and the
components in hand, the
prospect of understanding the
molecular basis for the ‘dance of
the chromosomes’ is on the
horizon.
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Auditory Plasticity: Vocal Output
Shapes Auditory Cortex
Studies in humans and songbirds have revealed a close link between
vocal output and hearing. Now experiments in marmosets have shown
that self-generated vocalizations can modulate the activity of neurons
in the auditory cortex and even remodel their response properties.
auditory feedback is altered. As
shown most clearly from studies
in songbirds [13], learning to
vocalize early in life is also
critically dependent on the ability
of animals to hear themselves.
Thus, if deafened when young —
but after exposure to the songs of
others — these birds develop
abnormal songs, indicating that a
period of sensorimotor learning is
required in which they use
auditory feedback to match their
own vocalizations to the tutor
song [14].
In order for vocal output to be
controlled in this fashion, it is
obviously necessary that an
animal’s own vocalizations are
registered by its auditory system.
A recent recording study [15] has
shown that the responses of
neurons in the auditory cortex of
the marmoset — a highly vocal
new world monkey — are
modulated during self-initiated
vocalizations in a way that
depends on the acoustical
properties of the animal’s calls. It
has also been demonstrated that
experimentally induced changes
in vocal output can alter the
selectivity of auditory neurons.
While evidence for plasticity of
auditory processing in response
to variations in self-generated
sounds has hitherto been
restricted to song birds [13], the
other new study using marmosets
[1] has revealed a pronounced,
stimulus-specific effect of altered
vocal output on the response
properties of neurons in the
mature auditory cortex.
Plasticity of Auditory Processing
Cheung et al. [1] modified the
vocalizations produced by the
marmosets by operating on their
vocal tracts. This resulted in a
reduction in the frequency
composition of the ‘twitter’, a
social communication call that
comprises a rapid sequence of
syllables (Figure 1). After a
number of months, during which
the animals regularly vocalized,
recordings made under general
anesthesia from the primary
auditory cortex revealed that
neuronal responses to both native
and altered calls were weaker and
temporally less precise than those
found in control monkeys.
Interestingly, responses to
synthetic frequency-modulated
sweeps similar to those found in
the twitter calls were also
abnormal, whereas responses to
pure tones and their
representation within the cortex in
the form of a tonotopic map were
unaltered.
Changes in the response
characteristics of neurons in the
primary auditory cortex have
previously been described in adult
mammals that have undergone
behavioral training in a sound
discrimination task. Not
surprisingly, the way in which the
response properties change
depends on the stimuli used for
training, but includes stronger
responses to these stimuli, sharper
frequency tuning and enhanced
temporal coding [16–19]. The
results from the marmosets with
altered vocal output differ,
however, in that the cortical
representation of these complex
sounds appears to be degraded.
The discovery by Cheung et al.
[1] of plasticity in the neural coding
of species-specific vocalizations
without any accompanying
changes in the responses to
spectrally simple sounds is
potentially very interesting. Their
results have implications for where
and how these sounds are
encoded in the brain and will no
doubt help to establish the
marmoset as a valuable alternative
to the songbird for studying the
neural basis of sensorimotor
learning.
Connecting Vocal Output with
Auditory Responses
Nevertheless, the interpretation
of their results is far from
straightforward. When an animal
vocalizes, the ensuing
modulation of activity in its brain
could simply reflect auditory
feedback that is attenuated by
the middle ear reflex.
Alternatively, activity in the
auditory pathway could be
influenced by internal ‘corollary
discharge’ signals from the vocal
control centers. Such a
mechanism has been
demonstrated, for example, in
singing crickets, where the
corollary discharge from the
central pattern generator
responsible for its song inhibits
neural responses to self-
generated sound and thereby
helps to maintain sensitivity to
external sounds [20].
Because Cheung et al. [1]
presented their stimuli over
earphones to anaesthetized
marmosets, corollary discharge
signals could not have
contributed to the abnormal
cortical responses that they
observed. Nevertheless, the
altered representation of both
native and abnormal twitter calls
could have arisen from
sensorimotor interactions
occurring as the animals
vocalized. While this report
throws up more questions than
answers, it clearly shows that
repeated exposure to self-
generated as well as external
sounds can induce auditory
processing plasticity in the
mature brain.
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Figure 1. Three examples
of a twitter call produced
by a marmoset monkey.
These spectrograms show
that the twitter calls consist
of a series of frequency-
modulated sweeps. (Image
kindly supplied by Jan
Schnupp.)
Thomas Lecuit
Intercellular adhesion is essential
for maintaining the proper
architecture and polarity of
epithelial tissues during animal
development [1,2]. The
establishment and maintenance
of adhesion at adherens
junctions  requires the targeting
and subsequent stabilization of
cell adhesion molecules at
specific sites of cell–cell
contacts. Cell adhesion
molecules, in particular E- and N-
cadherin, engage in homophilic
interactions and thereby promote
the recruitment of α-catenin by β-
catenin, which in turn directly or
indirectly binds actin filaments.
Actin filaments are believed to
stabilize E-cadherin–β-catenin–α-
catenin complexes. Through this
central mechanism, E-cadherin
mediates intercellular adhesion
and the robust mechanical fence
function of epithelia in
developing tissues. In addition,
E-cadherin is required for the
maintenance of epithelial polarity.
Indeed, E-cadherin is required for
the proper apical localization of
components of the so called sub-
apical complex, namely the
transmembrane protein Crumbs
(Crb), and its cytoplasmic
partners  Par-3, Par-6 and aPKC.
Regulated Adhesion in
Development
In developing organisms,
intercellular adhesion is regulated
during morphogenesis [3]. It has
long been appreciated that
epithelial cells do not mix
randomly with their neighbours in
vivo. For instance, pioneering
observations by Townes and
Holtfreter [4] showed that cells of
a dissociated gastrulating
Xenopus embryo which were
allowed to reaggregate would
sort out from each other
according to their developmental
origin. Steinberg and colleagues
[5,6] proposed and subsequently
showed that differential adhesion
is the primary force driving cell
sorting. Specifically, qualitative
or quantitative differences in
cadherin expression can promote
cell sorting [7]. Recent studies in
the developing fly retina showed
that sorting out does occur in
vivo through the up-regulation of
N-cadherin in photoreceptor cells
among epithelial cells that
uniformly express E-cadherin [8].
Another striking example of cell
sorting are developmental
lineage compartments — large,
non-miscible groups of cells
forming adjacent
territories [9,10]. However, the
identity of the cell adhesion
molecules underlying
compartmental restriction
remains elusive [11].
A recent report [12] shows that
Echinoid (Ed) is a modulator of
cell adhesion in developing
epithelia of adult Drosophila.
While Ed has been implicated in
the regulation of cell signalling
[13–16], the authors now show
that Ed contributes to cell sorting
and controls intercellular
adhesion.
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Cell Adhesion: Sorting out Cell
Mixing with Echinoid?
Cadherins control intercellular adhesion in epithelial cells. This
property relies on the ability to recruit actin filaments at adherens
junctions via β-catenin and α-catenin. A recent study shows that
Echinoid, a member of the immunoglobulin domain containing protein
family, is a modulator of intercellular adhesion in Drosophila that
controls cell sorting.
